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We consider the multiple point principe (MPP), its breaking and the inflation of the gauged B-L 
model. Our results are based on the two-loop renormalization group equations (RGBs). We And that 
this model can realize the flat potentials at Ampp = lO^^GeV, and that the unknown parameters 
of the model are fixed by the MPP. Furthermore, we show that it is possible to realize both of the 
electroweak symmetry breaking at Cl(100)GeV and the inflation by breaking the MPP. 


I. INTRODUCTION 

The discovery of the Higgs like particle and its mass [3,0 is very meaningful for the Standard Model (SM). 
The experimental value of the Higgs mass suggests that the Higgs potential can be stable up to the Planck scale 
Mpi and also that both of the Higgs self coupling A and its beta function Px become very small around Mpi. 
This fact attracts much attention, and there are many works which try to find its physical meaning 

Well before the discovery of the Higgs, it was argued that the Higgs mass can be predicted to be around 
ISOGeV by the requirement that the Higgs potential becomes flat at Mpi ii- Such a requirement (not 
always at Mpi) is generally called the multiple point principle (MPP). One of the good points of the MPP is its 
predictability to the parameters of a low energy effective theory. For example, the values of the scalar couplings 
are radiatively generated by the renormalization group equations (RGBs), and the flatness of the potentials 
furthermore gives the strong relations between parameters. As a result, the low-energy effective couplings can 
be uniquely predicted by the MPP. See [2^, for example. 

It is meaningful to consider whether such a criticality can be also realized in the models beyond the SM. 
One of the phenomenologically interesting models is the minimal gauged B-L model [25l - [^ . In [2^, it was 
argued that this model can naturally explain the electroweak scale by applying the MPP to the Higgs potential. 
In this paper, we study the MPP of the whole scalar potential and its implications based on the two-loop 
renormalization equations (RGBs). We also consider the inflation where the newly introduced complex scalar 
'k plays the roll of the inlfaton. Here, we do not follow all the calculations. See for the details. 


II. MPP OF THE GAUGED B-L MODEL 

In addition to A, there are two scalar couplings in this model: 

/:9-A,i,(^''f^')-K(iJ'fiL)(Tl'T). (1) 

Therefore, the whole MPP conditions are 

A(Ampp) = A4,(Ampp) = k(Ampp) = /3a(Ampp) = /3a4,(Ampp) = /3k(Ampp) = 0, (2) 

where Ampp is a high energy scale at which we impose the MPP. In this paper, Ampp is chosen to be lO^^GeV. 
In (^ . it is shown that we can actually realize Bq.Q simultaneously and that the unknown parameters of the 
model are uniquely determined by these conditions. For example, the top mass Mt and the B-L gauge coupling 
gs-L are predicted to be 


Mt - 176GeV , 5b-l(Ampp) 0. (3) 

The upper panels of Fig IT] show the effective potentials when Eq.(I2|) is satisfied. One can see that they are 
exactly flat at lO^^GeV. 


III. BREAKING OF MPP 

As discussed in [2^ if we want to realize the electroweak symmetry breaking by the radiative t/(l)B-L 
breaking, we need to break the MPP. Namely, A^, and its beta function should be positive at Ampp to 
realize the Goleman-Weinberg mechanism. The lower panels in FiglT] show such examples. Here, we choose 
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FIG. 1: The upper left (right) panel shows the effective potential (Ksff) when the MPP conditions are satisfied. They 
are exactly flat at Ampp = lO'^^GeV. On the other hand, the lower panels show I/g when the MPP is broken. The left 
(right) panel corresponds to A^(Ampp) = 10“^'^ (10“^^). 


Aif (Ampp) = 10 ^°(10 ^^) in the left (right) panel. The different colors corresponds to the different values of 
5b-l(Ampp). 

After the 17(1)b-l symmetry breaking, the Higgs mass term is generated by 

CB-k (H^H) . (4) 

As a result, the Higgs expectation value Vh is given by 


Vh = 



(5) 


where vb-l is the expectation value of fit. In [2^, it is shown that we can realize Vh = Cl(100)GeV by tuning 
the parameters of the model. For example, the red contour of the lower left panel in Fig [T] actually corresponds 
to such case. Here, vb-l = O(10®)GeV and K{vh) = 0(10“^). Thus, the right hand side of Eq.d^) becomes 
e>(100)GeV. 


IV. INFLATION 

As well as the Higgs inflation with the non-minimal gravitational coupling ffR.fP', we can also consider the 
inflation scenario where Ik plays a roll of the inflaton. Here, we show the cosmological predictions of this 
scenario. The left (right) panel in Figl2] shows the spectral index Us vs the scalar-to-tensor ratio r (its running 
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FIG. 2: The cosmological predictions of the gauged B-L model. Here, Air(AMPp) is chosen to be 10 The left (right) 
panel shows Us vs r (dns/lnfc). 


dus/dlnk). Here, A$(Ampp) is chosen to be 10 In the left panel, the green contour corresponds to the 
observed CMB fluctuation [s^ 


X 10-® (68% CL), (6) 

and the orange (black) contour corresponds to the number of e-foldings = 50 (60). In the right panel, we 
change the non-miniinal coupling F from 0 to 100. These results are consistent with the current cosmological 
constraints by Planck+WMAP except for the small values of dus/Wk. We might improve this situation 
by considering a higher dimensional operator [ 13 . 


V. SUMMARY 

We have considered the MPP and the inflation of the gauged B-L model. We have found that the potentials 
of the scalar fields can become flat at Ampp = lO^^GeV, and that the parameters of the models can be uniquely 
fixed by the MPP. We have also seen that it is possible to realize the electroweak symmetry breaking at 
O(100)GeV by breaking the MPP. The inflation scenario where ik plays a roll of the inflaton is consistent with 
the current cosmological constraints. 
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